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TW and SW Linac structures
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Abreise von Aeneas und seiner Familie von Troja



Travelling Waves in an
iris-loaded Waveguide (Runzelröhre)
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Energy diffusion equation:

where: W = stored energy per unit length,
P = energy flux along s,
Pw = wall losses per unit length,
IbE║ = energy transferred to the beam.
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Travelling Waves in the Runzelröhre
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Parameters and their link:

Energy flux along the structure, damping length:

Energy dissipation:
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Travelling Waves in the Runzelröhre
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Energy diffusion equation:

Acc. field E║ does not depend on electrical properties of material!!!

Example.: E=100MV/m,  ω =2π∙12GHz,  P =68MW  →  vg≈ 0.015∙c !!!



Constant Gradient Structure:

P0

Pw
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Energy diffusion equation with beam loading:

After „lengthy“ calculations (c.f. script of lecture acc. physics):
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CLIC Scheme:

Compensation of beam loading:

→ dedicated RF drive!

BDR ~ E30τ5



CLIC Scheme:

Compensation of beam loading:

→ dedicated RF drive!

→ fill time ≈ 80ns ↔ structure length!!!

design: L = 23cm (incl. coupler!)
BDR ~ E30τ5

No gain from higher Q values!!!



Standing Waves in the Fridge

The high κ approach:
• Typical quality factors Q ≈ 1010 → resonance width ca. 0.1 Hz!!!
• RS comes for free, therefore optimimization for low crit. fields
• Strong overcritical coupling causes many advantages:

− broad resonance curve by ext. loading / Qext of typ. 105 - 106

− no influence on dissipation, RS remains unchanged
− no reflection when operating with design beam current
− reduction of structure filling time:

Dynamics determined
completely by beam loading:

Optimum coupling:

„hopeless“ overcritical coupled!
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Fill Times ↔ Pulse Lengths
Generator power for field generation:

Generator power for acceleration:
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Generator power 
has to be increased
by factor of 4 for

beam acceleration!!
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But: maximum E field limited by HC



Aeneas flieht aus Troja

Ultra-pure Aluminium at low Temperatures
Herr Hillert!

Bei tiefen 
Temperaturen taugt 

Reinstaluminium
mehr als der beste 

Supraleiter!

Das war ja dann 
wohl nichts mit 
100MV/m und 
Supraleitern …





From R. Klein, last Pages: 



Resistance from Grüneisen Law

Factor 20.000 !!
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Desillusion 1st Part
Key Parameters for Accelerating Structures

Quick scan of textbook literature:

• Skin depth:

• Surface resistance: scales with the square root!!!

• Quality factor:

• Shunt impedance:
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However: a factor > 100 remains! No HC!!!



Useful Approaches

Venus zeigt Aeneas Waffen

Wie wäre es 
denn mit 

Seitenkopplung?

Das ist ja großer 
Mist mit den 
Füllzeiten!





LINAC‘02



AENEAS:
Aluminum-based Extreme-field Normal-conducting Electron Accelerating Structure

Side-Coupled LINAC-Structure:
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HOM Suppression?!
NLC design report 2001:



HOM Forward Damping
Free choice of waveguide height b for TE10!

Idea: cancelling of dipole mode via coupling to TM11!

Resonance frequencies:       f1 = j1/j0 ∙ f0

• fundamental mode: kcr = j0 = 2,405
• dipole mode:           kcr = j1 = 3,83

Cancelling after n resonators:

After brave calculations:
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f1 = 12 GHz,  f2 = 19.1 GHz,  λ0 = 25 mm,  λ1 = 15.7 mm,
r = 9.57 mm,  a = 14.4 mm,  b = 4.95 mm

n = 1:

4 cm !!!



Machining Tolerances / Temperature
(why are side-coupled structures not used so far?)

Tolerances:
a) Standing wave structures:

for Q ≈ 104 we get:

12 GHz (r ≈ 10 mm)   →   ∆r = 10 nm!!

b) Travelling wave structures:

phase advance:

gives 12 GHz, vg ≈ 0,01  d = λ/3

∆r/r ≈ 10-4 ↔  ∆φ ≈ 1°
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Temperature:
Requirement for CLIC:   ∆T < 0.1°C ↔ ∆E/E < 0.05%

Temperatur change will detune all cavities in the same way!

General relationship:

Gives for required ∆E/E

and for ∆r/r = 2.31∙10-5∙∆T

∆T < 0.005 K ↔ ∆P < 5 mbar
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Machining Tolerances / Temperature
(why are side-coupled structures not used so far?)



Thermal Expansion Coefficient
K. Anders: Thermische Ausdehnung von Metallen bei tiefen Temperaturen, Phys. kond. Mat. 2 (1964)

LN2

LHe



First Measurements

Probieren geht 
über studieren!

Venus erscheint Aeneas und Achates



Simple Set Up of a „He Cryostat“

• Slit coupling of resonator !
• Waveguide with coax transitions!

fl. He

6 GHz!



1. Measurement in a liquid nitrogen dewar:
… promising (factor <4 expected)!!!



2. Measurement in a liquid helium dewar:
… ????????????????????????



Aeneas besiegt den Turnus

Desillusion 2nd Part and
Upcoming Sadness

Verzweiflung, Wut und 
Schrecken, begleiten 

ihren Fall …



Anomalous Skin Effect
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Implications
W. Chou, F. Ruggiero: Anomalous Skin Effect and Resistive Wall Heating,

LHC Project Note 2 (SL/AP), Geneva 9/8/1995

Increase of surface resistance according to:

where:

Unknown „material parameter“ λ/σ with (λ/σ)Cu = 6.6∙10-16 Ωm2 taken from
• A.F. Mayadas: Intrinsic Resistivity and Electron Mean Free Path in Aluminium Films, J. Appl. Phys. 39,9 (1965)
• J.C. Ashley et al.: Electron inelastic mean free paths and energy losses in solids, Surf. Sci. 81 (1979)

Conservative guess: (λ/σ)Al = 7∙10-16 Ωm2 !
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Normal und Anomalous Skin Effect



…Outlook…

Flucht des Aeneas

Kommt, ihr Töchter, 
helft mir klagen …

Für einen Faktor 
<30 lohnt der 

Aufwand nicht…?

Sputtering of thin surface films < 10nm 
indispensable to oversome the

anomalous skin effect
but:

does this work and really help?
high risk, high fun – high gain???
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